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The future growth of the mineral industry in the next century may
be largely dependent upon the understanding and development of the many
parameters that comprise the mining environment. The total mining
environment represents a most complex system which must be successfully
controlled in order to locate, develop, mine and process the minerals
so urgently, needed by our modern world. One of the very important prob
lems facing the mining industry, in this respect, is the practice of
good water pollution abatement programs to control and prevent water
pollution in streams, rivers and other water resources affected by the
mining environment.
The recent development of what may be one of the world's largest
lead-zinc deposits in the Viburnum Trend or "New Lead Belt" of South
East Missouri is rapidly altering the presently non-industrialized and
sparsely populated Ozark environment. The mining development is
located in Reynolds and Iron Counties, approximately 70 miles south east
of Rolla, Missouri (Figure 1). Industrial population is limited to a
north-south belt some 40 miles in length and the streams affected are
in the Black River Basin and among some.of the best water resources in
Missouri. The unusual topography of the area channels the mining
wastewaters into separate stream tributaries. Other streams flowing
into the area from the eastern edge of the drainage basin are not af
fected by the new mining environment. This unusual drainage pattern has
been advantageous in establishing a series of sampling stations on
stream tributaries below the lead-zinc mines in the "New Lead Belt."
Additional sites may be added as the need develops. Control sites have
also-been established on unpolluted streams that will not be affected
by population increases or industrial development. The selected
sampling sites separate pollution effects from individual mines and
also permit the sampling of cumulative effects in the larger streams.
The area drainage pattern, the mines and sampling sites are shown in
Figure 2. This unique situation, combined with the continued develop
ment of the mining industry contributes to the study of streams affected
by the mining environment.
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FIGURE 1
GENERAL LOCATION OF THE STUDY IN IRON AND REYNOLDS COUNTIES, MO.
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LOCATION OF SAMPLING STATIONS IN THE "NEW LEAD BELT" OF S.E. MO.
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In order to evaluate the pollution of stream waters, the natural
background concentrations of the investigated constituents should be
known. Natural background conditions rarely exist in critical areas
throughout the world today because of established industrialization and
excessive population density. In most cases old measurements are
usually either non-existent or unreliable, and only recently have ana
lytical procedures been sufficiently improved for accurate analysis.
The necessary collection of much irreplaceable background data has been
carried out in the "New Lead Belt" and baselines established for the
pollution surveys of streams (Wixson, 1968).
Major lead-zinc companies developing mines and mills in the "New
Lead Belt" have rendered valuable assistance in preliminary research
by allowing on site visitations, meeting with key personnel and making
available pertinent information most vital to this study (Figure 3).
All companies have expressed the desire to prevent stream pollution
and develop good pollution abatement programs. This continued assist
ance and cooperation has been promised by the mining companies to aid
in future studies. In this study area, four mines and mills are now
in production. One mine and mill (Fletcher Mine, St. Joseph Lead Co.)
has greatly assisted by providing samples and amounts of reagents used
for separating and concentrating the lead, zinc, and copper by the
flotation process. This has allowed the development of research and
measurement techniques for specific compounds or decomposition products
which may cause pollution problems in receiving streams. The small area
being polluted at the present time serves as an indicator of future
environmental changes that may occur with the development of new mines.
Milling reagents used by different mining companies may vary but the
effects on the water quality and stream biota will be similar.
METHODS
Copper, lead and zinc were determined by atomic absorption spectro
photometry. All three elements were present at concentrations below
instrumental detection limits using standard methods. It was therefore
necessary to develop methods of analysis with sufficient sensitivity to
detect low concentrations of heavy metals.
At the present time copper is determined by a combination of solvent
extraction and atomic absorption. Lead and zinc are determined directly
using the newly developed "sampling boat" technique. These methods
permit detection of the three elements at concentrations below 0.5 ppb
(parts per billion).
Field and laboratory studies were also conducted with the heavy
metals found in mining wastewaters to determine the TLm (median tolerance
limit) and toxic concentrations for bluegill sunfish Lepomis macrochirus.
The Missouri Department of Conservation, Department of Fisheries,
assisted the research by furnishing the necessary bluegill sunfish for
laboratory bioassays. Bee Fork Creek, one of the first streams to receive
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Figure 3.

Students involved in the OWRR research project taking a
water sample from one of the tunnels in Fletcher Mine.
Mr. Stan Blackwell, mine captain at left of picture,
assists group. (Courtesy of St. Joseph Lead Company.)
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tailings from the new lead-zinc mining operations was selected for
intensive study. Results from field measurements and laboratory
toxicity studies were then combined to determine the effects of
separate and mixed metals of lead, zinc and copper (Handler, 1969).
Gill tissue sections, five microns thick, were prepared with a JUNG
model 1130 microtome. Gill sections were stained with a method
suggested by Glick (1958) and modified by Quinn (1968) to make the
heavy metals stand out. A Bausch & Lomb PB-252 microscope with flat
field optics and Polaroid camera attachment was then used to take
color photomicrographs to show the effects of lead and copper.
Wastewaters from the mining environment may cause pH changes,
dissolved oxygen deficiencies or other changes in water qualtiy that
may be harmful to aquatic life. With this in mind, certain important
chemical parameters were measured and evaluated. Calcium, magnesium,
and total water hardness were determined in order to characterize the
major constituents of the stream water. The pH of the water was of
interest since it strongly affects precipitation and absorption of heavy
metals in solution and also affects aquatic life. A portable pH meter
was used to determine hydrogen ion concentration and a galvanic ceil
oxygen analyzer was employed to determine water temperature and dis
solved oxygen. A field portable water analyzer (Delta Scientific model
260) was used to determine fluorides. Water and biotic grab samples
obtained at the same time were bottled and returned to the laboratory
for the following determinations: turbidity with a Hach model 1860
laboratory turbidimeter; total alkalinity by titration with 0.02
N H^S0* to the phenolphthalein end point; and water hardness as deter
mined By the EDTA titrametric method (Standard Methods, 1965).
Biological samples were collected at the study sites along with
water quality samples. Biological evaluations pertinent to the re
search area included studies of the effects of mining pollution on
bacteria, algae and fish. Since bacteria play an important role as
decomposers in stream environments, standard plate counts were made
at 20°C to enumerate the numbers of bacterial colonies and compare
population differences between unpolluted and polluted streams.
Filamentous algae were collected and returned to the laboratory for
identification, following the key by Palmer (1962), and further study.
Nonfilamentous algae were collected with the water samples and counted
by means of the mi H i pore filter technique (McNabb, 1960). Confirmatory
photomicrographs were taken for comparison of both types of algae in
polluted and unpolluted streams. Fish from the study area were
collected with water quality changes to study mining effects.
RESULTS AND DISCUSSION
Heavy metal studies indicated that the range of values for copper,
lead and zinc were from 1-20 ppb, eliminating those values which were
from possibly contaminated streams and erroneous analysis. The most
frequently occurring values for all 3 elements were from 4-6 ppb. This
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parameter was used as the normal background.
Figure 4 shows the distribution of copper results from all non
poll uted stations. The distribution curves for lead and zinc are
similar.
The values for copper, lead and zinc in the waters of the Bee
Fork, below the point of confluence with mine and milling waste,
show, on the average, an increase of 2-3 fold over background. The
range of values in this part of the stream was from background to
about 50 ppb.
Toxicity studies indicated that the slightly basic water con
ditions (pH 7.8-8.2) in the "New Lead Belt" would precipitate the
heavy metals in settling ponds at concentrations now contained in the
mining wastewaters. Lead, zinc, and copper were found to precipitate
rapidly in slightly basic (pH 7.4-8.0) water but remain in solution
in slightly acidic (pH 6.0) water. The heavy metals remining in the
acidic solutions were found to penetrate the gill tissues and destroy
the membrane capability for oxygen transfer (Wixson and Handler, 1960).
Copper was found to be the most toxic metal studied. However the con
centrations of heavy metals now present in the tailing discharges were
not found to even approach the limits of acute toxicity to fish or to
present other stream pollution problems at this time.
Certain organic milling reagents were found to contribute to the
stream pollution problem by forming a surface film which assisted in
the growth of bacteria and undesirable mats of blue-green algae
Oscillatoria in receiving streams (Figure 5). Present studies have
indicated that gram negative strptococci bacteria are able to metabolize
the Xanthates for nutrients as shown by Figure 6. This relationship
between the organic milling reagents, the bacteria and the blue-green
algae has caused the growth of large mats in the stream bottoms. Bio
chemical Oxygen Demand (BOD) and Chemical Oxygen Demand (COD) determin
ations, useful in most pollution surveys, were not applicable in this
research and other methods of measuring the reagent surface film are
now being developed. No significant changes in water quality were
found for dissolved oxygen, alkalinity, hardness or stream temperature,
however ongoing studies have indicated that mine wastewaters may be
detected by a higher fluoride concentration (1 ppm) than normally
found in surface stream waters (0.15 ppm).
Conventional methods for evaluating aquatic bottom populations or
usual phytoplankton populations, were found to be meaningless in the
"New Lead Belt" since these populations were essentially unstable or
non-existent due to the scouring action and destructive shifting of
the loose gravel stream bottoms during frequent rainfall runoff. Other
investigators (Clifford, 1966) have noted this destructive action and
pointed out that the use of benthic organisms for water pollution sur
veys (Ingram, Mackenthun and Bartsch, 1966) are not valid for the type
of stream conditions found in south east Missouri.
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Distribution of Copper from all nonpolluted
sampling stations in "New Lead Belt." Concen
trations reported in ppb (parts per billion).
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Figure 5

Mats of bacteria and blue-green algae Oscillatoria in
stream receiving mining and milling wastewater discharge.
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CONCENTRATION OF
SODIUM ISOPROPYL XANTHATE
Figure 6.

Growth of bacteria using sodium isopropyl xanthate
as food source.
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It is anticipated that additional wastewaters from milling opera
tions will be discharged into the research area streams during the
coming year along with increased amounts of subsurface waters. The
evaluations of which organic or inorganic compounds affects the water
quality and ecological systems, will contribute valuable information
toward protecting other streams and rivers from lead-zinc mining
pollution. This knowledge may also contribute to the substitution
of milling reagents, more efficient wastewater treatment and the
development of strong pollution abatement programs.
Based on the information now available the following recommenda
tions are presented for future stream pollution abatement in the min
ing environment: (1) separation of mine discharge water from milling
wastewater; (2) increased detention time for milling wastewater to allow
more complete biological breakdown; (3) baffling or below surface
water withdrawal from settling ponds to retain surface films of milling
reagents; (4) removal of trees and heavy underbrush from settling
ponds to remove excess organic matter from water; and (5) continued
research to determine an improved treatment of the milling wastewaters
to remove any reagents causing undesirable biological growths.
This study was funded by the U.S. Department of the Interior,
Office of Water Resoruces Research, (A-021-M0) and (B-021-M0).
Grateful appreciation is expressed to St. Joseph Lead Company, the
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their assistance with this research.
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